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Description 



INKJET PRINTING APPARATUS WITH INK 

LEVEL DETECTION 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to an ink jet printer, and 

more specifically, to an ink jet printer capable of detecting 
a low volume level of ink. 

[0003] 2. Description of the Prior Art 

[0004] Conventionally, in a printing apparatus such as an ink jet 
printer, an ink jet printhead conducts image printing on a 
print medium by ejecting ink supplied from an ink car- 
tridge filled with ink. The printhead contains a plurality of 
nozzles for ejecting ink onto the print medium. Each noz- 
zle has at least one corresponding heating element for 
heating ink supplied to the nozzle, creating bubbles in the 
ink, and ejecting the ink from the nozzles. If all of the ink 
in the ink cartridge is consumed, image printing cannot 



continue. Thus it is necessary to exchange the old ink 
cartridge with a new one filled with ink before ink is com- 
pletely consumed, and to supply ink to the ink jet print- 
head. However, sometimes the user of the printing appa- 
ratus will not discover that the ink volume level is low un- 
til after the printing quality has degraded. The user does 
not have a way to find out that the ink is about to run out 

in the ink cartridge. 
Summary of Invention 

[0005] it is therefore a primary objective of the claimed invention 
to provide an ink jet printing apparatus that is capable of 
determining if an ink volume level is less than a predeter- 
mined level in order to solve the above-mentioned prob- 
lems. 

[0006] According to the claimed invention, a printing apparatus- 
includes a printhead and an ink volume detecting circuit. 
The printhead contains a plurality of first heating ele- 
ments for heating ink supplied to the printhead to gener- 
ate bubbles in the ink and eject the ink through corre- 
sponding nozzles. The printhead also contains a second 
heating element for heating the ink supplied to the print- 
head, a resistance value of the second heating element 
being less than the resistance value of each first heating 



element, and the low resistance value of the second heat- 
ing element causing the second heating element to burn 
out and create an open circuit if the volume of the ink is 
less than or equal to a predetermined level. The ink vol- 
ume detecting circuit is electrically connected to the sec- 
ond heating element for determining if the volume of the 
ink supplied to the printhead is less than or equal to the 
predetermined level based on a condition of the second 
heating element. 

[0007] it j S an advantage of the claimed invention that the ink 

volume detecting circuit is able to determine if the second 
heating element is functioning properly or has burned 
out, for detecting that the ink volume is less than the pre- 
determined level. 

[0008] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0009] pig.l is a block diagram of a host computer communicat- 
ing with a printing apparatus according to the present in- 
vention. 



[0010] Fig. 2 is a detailed block diagram showing ink volume level 
detection according to the present invention. 

[0011] pig. 3 shows a plurality of nozzles and a dummy nozzle 
formed on the printhead according to the present inven- 
tion. 

[0012] Fig. 4 is a flowchart illustrating determining the ink volume 

level according to the present invention method. 
Detailed Description 

[0013] please refer to Fig.l. Fig.l is a block diagram of a host 

computer 10 communicating with a printing apparatus 20 
according to the present invention. The printing apparatus 
20 contains a microprocessor 25 for communicating with 
the host computer 10 and for controlling a head driver 
circuit 30. The head driver circuit 30 sends a plurality of 
printing and non-printing signals to a printhead 40, 
thereby controlling the printhead 40 to eject ink onto a 
print medium. The printing apparatus 20 further com- 
prises an ink volume detecting circuit 50 electrically con- 
nected to the printhead 40, the head driver circuit 30, and 
the microprocessor 25. As will be explained in greater de- 
tail below, the ink volume detecting circuit 50 is con- 
trolled by the head driver circuit 30 to determine if a vol- 
ume level of ink supplied to the printhead 40 has fallen 



below a predetermined level. The ink volume detecting 
circuit 50 then notifies the microprocessor 25 of the sta- 
tus of the ink volume level. 

[0014] please refer to Fig. 2 and Fig. 3. Fig. 2 is a detailed block di- 
agram showing ink volume level detection according to 
the present invention. Fig. 3 shows a plurality of nozzles 
43 and a dummy nozzle 45 formed on the printhead 40 
according to the present invention. The printhead 40 
comprises a plurality of first heating elements 42 corre- 
sponding to the plurality of nozzles 43. Each nozzle 43 
has at least one corresponding first heating element 42 
for heating ink supplied to the nozzle 43, creating bub- 
bles in the ink, and ejecting ink from the nozzle 43. The 
dummy nozzle 45 formed on the printhead 40 is not used 
for ejecting ink, and a second heating element 44 corre- 
sponding to the dummy nozzle 45 is used testing a vol- 
ume level of the ink supplied to the printhead 40. 

[0015] The head driver circuit 30 comprises a heating element 

driver 36 for receiving control signals from a control logic 
block 34, and for driving the first heating elements 42 
and the second heating element 44 according to the con- 
trol signals. The head driver circuit 30 also includes a 
power supply 32 for supplying power to the heating ele- 



ment driver 36. 

[0016] The first heating elements 42 and the second heating ele- 
ment 44 can all be created using resistors. A resistance 
value of the second heating element 44 should be lower 
than the resistance values of each of the first heating ele- 
ments 42. When the heating element driver 36 activates 
the first heating elements 42 and the second heating ele- 
ment 44 with driving signals, the driving signals contain a 
voltage value V. According to Ohm"s Law, a current I flow- 
ing through any one of the first heating elements 42 or 
the second heating element 44 will be related to its resis- 
tance R through the equation V=I*R. Therefore, since the 
second heating element 44 has a lower resistance value 
than that of the first heating elements 42, a larger current 
will flow through the second heating element 44. An 
amount of power P dissipated through each resistor can 

2 

be calculated from the equation P=l *R. Since a larger 
current flows through the second heating element 44 than 
each first heating element 42, the second heating element 
44 will dissipate a larger amount of power and will be- 
come hotter than the first heating elements 42. 
[° 017 ] Since the first heating elements 42 and the second heat- 
ing element 44 are in contact with the ink supplied to the 



printhead 40, any heat generated by the first heating ele- 
ments 42 and the second heating element 44 will be ab- 
sorbed by the ink, thereby raising the temperature of the 
ink. When the volume level of the ink is very high, the 
overall temperature of the ink will only increase by a small 
amount due to heat from the first heating elements 42 
and the second heating element 44. However, when the 
volume level of the ink is very low, any heat generated by 
the first heating elements 42 or the second heating ele- 
ment 44 will raise the temperature of the ink by a large 
amount. In addition to having the lower resistance value, 
the second heating element 44 is designed to have a 
higher sensitivity to heat than each of the first heating el- 
ements 42. Therefore, when the volume level of the ink is 
less than or equal to a predetermined level, the tempera- 
ture of the ink will become very high and will cause the 
second heating element 44 to burn out. The combination 
of the second heating element 44 becoming hotter than 
the first heating elements 42 due to its small resistance 
and the sensitivity of the second heating element 44 to 
heat causes the second heating element 44 to burn out 
before any of the first heating elements 42 do. The print- 
head 40 is preferably formed on an ink cartridge of an ink 



jet printer. When the second heating element 44 burns 
out, this is an indication that the volume level of the ink 
cartridge is too low, and the ink cartridge should be re- 
placed with a new one. The preferred material for the first 
heating elements 42 and the second heating element 44 is 
a tantalum-aluminum (TaAl) alloy, although poly-silicon, 
Titanium Nitride (TiN), or tantalum nitride (TaN) can also 
be used. 

[0018] The ink volume detecting circuit 50 shown in Fig. 2 con- 
tains a switch S that is electrically connected between a 
current mirror 54 and the second heating element 44. A 
maintenance circuit 35 of the control logic block 34 con- 
trols the switch S to open and close in order to activate 
the ink volume detecting circuit 50. The maintenance cir- 
cuit 35 preferably activates the ink volume detecting cir- 
cuit 50 during a nozzle maintenance period of the print- 
head 40 to minimize the effect on printing, but the main- 
tenance circuit 35 is also capable of activating the ink vol- 
ume detecting circuit 50 at any other time. 

[0019] when the switch S is closed, the current mirror 54 will be 
in electrical contact with the second heating element 44. If 
the second heating element 44 is still functioning properly 
(not yet burned out), then a current la having a magnitude 



greater than zero will flow from the current mirror 54 
through the second heating element 44. On the other 
hand, if the second heating element 44 has already 
burned out, the current la will be equal to zero since the 
second heating element 44 acts as an open circuit when 
burned out. The current mirror 54 mirrors current la as 
current lb, and a status determining circuit 52 measures 
the current lb. Based on the value of current lb, the status 
determining circuit 52 outputs a status signal STATUS 
which indicates the condition of the second heating ele- 
ment 44. For example, if the magnitude of current lb is 
non-zero, the status signal STATUS indicates that the ink 
volume level is greater than the predetermined level since 
the second heating element 44 has not yet burned out. In 
contrast, if the magnitude of current lb is equal to zero, 
the status signal STATUS indicates that the ink volume 
level is less than or equal to the predetermined level since 
the second heating element 44 has burned out. Instead of 
measuring a current flowing through the second heating 
element 44 the ink volume detecting circuit 50 could also 
measure a voltage across the second heating element 44 
in order to determine the condition of the second heating 
element 44. 



[0020] please refer to Fig. 4. Fig. 4 is a flowchart illustrating deter- 
mining the ink volume level according to the present in- 
vention method. Steps contained in the flowchart will be 
explained below. 

[0021] step 100:Power on the printing apparatus 20; 

[0022] step 102:lnput printing data from the host computer 10 
to the printing apparatus 20; 

[0023] step 104:During the course of printing, perform a nozzle 
maintenance process; 

[0024] step 106:During the nozzle maintenance process, detect 
the ink volume using the ink volume detecting circuit 50; 

[0025] step 108:Determine if the volume level of the ink supplied 
to the printhead 40 is less than or equal to the predeter- 
mined level; if so, go to step 110; if not, to go step 114; 

[0026] step 110:Since the volume level of the ink is less than or 
equal to the predetermined level, inform the user of the 
printing apparatus 20 that the ink volume level is low; 

[0027] step 112:Determine if the user wants to continue with the 
printing process. This gives the user a chance to either 
exchange the current ink cartridge with a new one or in- 
stead to terminate the printing process. If the user wishes 
to continue printing, go to step 114; if not, go to step 
116; 



[0028] step 114:Continue the printing process; and 
[0029] step 116:End. 

[0030] | n summary, the present invention printing apparatus 20 
contains the second heating element 44 that is capable of 
burning out if the volume level of the ink supplied to the 
printhead 40 is less than or equal to the predetermined 
level. When the volume level falls below the predeter- 
mined level during printing, the printing apparatus 20 will 
notify the user that the ink cartridge should be replaced. 

[0031] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



